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@ Process for the synthesis of phenyl substituted aromatic diols.
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@ The subject-matter of the invention is a process for the synthesis of phenyl substituted aromatic diols by
w=dehydrogenation of the corresponding substituted cyclohexy! derivatives in the presence of a catalyst based on
D supported palladium.
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Process for the synthesis of phenyl! substituted aromatic diols

The present invention relates o a process for the synthesis of phenyl substituted aromatic diols.

More particularly the present invention relates to a process for the preparation of phenyl substituted
aromatic diols, starting from the corresponding cyclohexyl substituted aromatic diols, by catalytic dehydro-
genation.

The aromatic diols thus obtained are important compounds for the preparation of polyesters and in
particular of liquid crystalline polyesters, when the two hydroxyl groups are in parallel or coaxial position.

In particular the use of phenyl hydroguinone in the synthesis of liquid crystalline polymers is described
in U.S. patents 4.159.365, 4.360.658 and 4.600.765, whereas the use of phenyi biphenol is described in
ltalian patent application 22746 A/87.

The phenyl substituted aromatic diols can be prepared starting from the corresponding quinones by
arylation with diazonium salt of aniline (Journal of Organic Chemistry page 4071, 1977).

Such a process generally presents considerable drawbacks from a practical point of view; in fact, the
starting products can not always be found on the market easily, and moreover aniline presents a potential
hazard as carcinogen.

Hence the problem underlying to the invention is to create a process for the synthesis of phenyl
substituted aromatic diols in which it can be started from easily accessible starting materials not injurious to
health and which can be carried out in a simple way with high conversions obtaining good product yields.

Surprisingly this has been achieved by the present invention.

In fact, now it has been found that phenyl substituted aromatic diols can be obtained with high yields
and conversions by a dehydrogenation process of the corresponding cyclohexyl substituted derivatives,
using a supported dehydrogenation catalyst.

Hence the subject-matter of the present invention is as defined in claim 1.

In particular the dehydrogenation reaction takes place according to the following scheme:

- OH OH
Fd Cat.
Solvent
OH 16]31

The cyclohexyl substituted aromatic diols having general formula (I) are known products, which can be
obtained by cycloalkylation of aromatic diols in the presence of acid catalysts, as described in G. A. Olah
"Friedel-Crafts and Related Reactions" Vol. Il, Part 1, 1964.

Advantageously it is started from cyclohexyl substituted aromatic diols in which A is a phenyl, diphenyl
or naphthyl radical.

Preferably the Ci-C. alkyl radical(s) by which the C¢-C1s aromatic radical represented by A may be
substituted is/are {a] methy! and/or ethyl radical(s).

It is preferred to start from products of the general formula (l), which have the two hydroxy! groups in
parallel or coaxial position, particularly cyclohexylhydroguinone, 3-(cyclohexyl)-4,4'-di-(hydroxy)—diphenyl, 1-
{cyclohexyl)--2,6-di-(hydroxy)-naphthaiene, 2-(cyclohexyl)-1,4-di-(hydroxy)-naphthalene and the like.

Suitably there is used as the solvent medium such a one which, besides having the property of
dissolving the reagents under the reaction conditions, is endowed with a boiling point at atmospheric
pressure of at least 220°C. This latter allows to reach the temperature necessary for the dehydrogenation
reaction. Temperatures ranging from 220 to 350°C are preferred.

Examples of solvents, utilizable in the process object of the present invention are: tetraethylene glycol
dimethy! ether, diphenyl ether, diphenyl and polyethylene glycols having an average molecular weight
ranging from 200 to 1500, such as, for instance, the ones put on the market by R.O.L., an Qil and Lubricant
Refinery, under trade-names Priowax®200, Priowax®400, Priowax®600 and so on.

The concentration of the reagent having formula (l) in the solvent medium is not critical, it can range
within wide limits according fo the nature of the reagent, to the kind of solvent, and in general to the
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selected operating parameters; in particular such concentration ranges from 5 to 75% by weight, calculated
on the total weight of the solution.

The reaction of dehydrogenation is carried out preferably at atmospheric pressure under a nitrogen flow
to remove the developped hydrogen. Otherwise this also may be obtained by operating under vacuum.

The catalyst used in the process object of the present invention contains palladium and a suitable
carrier and preferably it is used with a molar ratio reagent/Pd ranging from 50 to 10,000, particularly from 50
to 2000.

Preferred carriers are activated carbons, activated aluminas and silicas, TiOz , MgO and the like,
particutarly extruded or granulated powdered ones.

Activated carbons, particularly suitable as carriers, are known products. Such having specific surfaces
ranging from 400 to 1200 m?/g, particularly from 600 to 1000 m?g, are preferred.

Activated aluminas and silicas advantageously are of microspheroidal type in the extruded form or in
spheres.

In the case of aluminas particularly good results were obtained when the specific surfaces were below
400 m2/g, preferably between 10 and 350 m?/g and still more preferably between 30 and 300 m%g; in the
case of silicas the best results were obtained when the specific surfaces ranged from 100 to 800 m2/g,
particularly from 200 to 500 m?g. :

The pore volumes of activated aluminas preferably range from 0,2 to 1,5 cm3/g and more preferably
from 0,3 to 1,3 cm?4g, whereas the pore volumes of silicas preferably range from 0,5 to 2,5 cmé/g and more
preferably from 1 to 2 cm3g.

In the case of granulated titanium oxide or magnesium oxide the value of the specific surface is not
critical; in the former case preferably it ranges from 10 to 300 m%g, in the latter preferably from 10 to 500
m2/g.

The catalyst size is not particularly binding and is bound essentially to the type of reactor to be used in
the dehydrogenation reaction.

Good results can be obtained both by powdered catalysts suspended in the reaction mass and by
extruded, pasted, granulated catalysts in tubular stream reactors.

The catalytic system can be prepared according to one of the general methods described in literaturs;
for instance an acid solution of a palladium halogenide or of sodium chloropalladite (NazPdCls) is added to
an alkaline suspension of the powdered carrier. When the addition is over, the hydrolysis compound
deposited on the carrier is turned into metal by treatment with a suitable reducing agent at a temperature
ranging from 20 to 100° C. Reducing agents particularly suitable to this purpose are sodium hypophosphite
and sodium formate.

The solid product can be recovered by filtration and rinsed with water at temperatures ranging from 20
to 100° C, till halogenide ions are removed, and optionally dried in a stove at 100-120° C over 10-15 hours.

When a carrier of granulated, pasted or exiruded type is used, a particularly advantageous method of
preparation consists in letting the palladium compound be absorbed at the periphery of the carrier granules;
reduction, rinsing and drying, as described hereinbefore, will follow this operation.

According to a preferred embodiment of the process object of the present invention, the catalytic
system contains a small amount of alkalis so that, when it is dispersed in water, it supplies a pH over 7.
Therefore it is better to treat the catalyst, before drying it, with a solution containing carbonates and/or
bicarbonates of alkaline and/or alkaline-earth metals; the solution preferably has a concentration ranging
from 0.1 to 5% by weight calculated on metal ion.

The palladium content of the catalytic system is not critical, but advantageously it ranges from 0.1 to
10% by weight calculated on the dried solid. Preferably the catalyst, before the reaction, is activated, at 130
-150° C for a period of time ranging from about 1 to 5 hours, with hydrogen at atmospheric pressure.

According to a practical procedure, by operating, for instance, in batch, the starting product of general
formula (I) and catalyst are added to the solvent in the above mentioned ratios, in a nitrogen flow, to make
removal of developped hydrogen easier. :

The reaction progress is checked by gaschromatography and the reaction is stopped preferably when
the amount of cyclohexyl derivative is below 20%.

Reaction time ranges from 1 to 24 hours according to the selected operating parameters.

When the reaction is over, the catalyst can be recovered by decantation and filtration, whereas the
reaction product can be recovered by known methods, for instance, by distilling the solvent or by diluting
with water.

The reaction raw product can be subjected to the usual purification methods to obtain the phenyl sub
stituted aromatic diol having the required purity, for instance, for the synthesis of polymers.

A few examples will be given hereinafter, by way of illlustration but not of limitation, in order to better
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understand the present invention and to carry out the same.

A) Preparation of the catalyst

EXAMPLE 1

60 g of microspheroidal alumina put on the market by CONDEA Company under trade-name "Puralox®
SCC A-30/180 Alumina", were dispersed under stirring in a solution consisting of 4 g of sodium carbonate
and 160 ml of water.

After stirring over 20 minutes, 0.3 g of palladium contained in 20 cc of a hydrochloric solutien having pH
0.8, were added to the suspension, in 30 minutes. Moreover sodium ions were present in said solution, in
such an amount that the atomic ratio Na/Pd was about 2.2."When the addition was over, the slurry was
heated, always under stirring, up to 85° C and the temperature was kept at this value for 30 minutes;
afterwards 0.4 g of sodium formate, dissolved in 10 cc of water, were added and the temperature was ke’pt
at 85° C for further 10 minutes.

The solid was recovered by filtration and rinsed with water at 50-60° C till disappearance of chloride ions,
afterwards it was dispersed in a solution containing 1 g of sodium carbonate in 100 ml of water and kept at
rest overnight.

After filtration the obtained cake was dried at 110°C overnight. The catalyst, analysed chemically, proved to
contain 0.42% by weight of palladium.

EXAMPLE 2

One operated according to example 1, while using microspheroidal commercial alumina HARSHAW® Al

_3912 P. The catalyst, analysed chemically, proved to contain 0.41% by weight of palladium.

EXAMPLE 3

100 g of microspheroidal alumina Akzo® type M were calcined over 16 hours at 400° C.
A part of 80 g of calcined alumina was dispersed under stirring in a solution consisting of 8 g of sodium
carbonate and 250 ml of water.
After stirring over 20 minutes 0.6 g of palladium, contained in 40 cc of a hydrochloric solution having pH
0.8, were added in 30 minutes.
Moreover sodium ions were present in said solution, in such an amount that the atomic ratio Na/Pd was
about 2.2. After addition the slurry was heated, always under stirring, up to 85° C and, after 30 minutes, it
was treated with 1.5 g of sodium formate dissolved in 15 mi of water and the temperature was kept at the
same value for further 10 minutes.
The subsequent procedures were the same as already described in example 1.
Analysis: Pd = 0.95% by weight.

EXAMPLE 4

80 g of microspheroidal alumina, put on the market by Akzo Company as type F7, were dispersed,
under stirring, in a solution consisting of 8 g of sodium carbonate in 350 ml of water.

After stirring over 20 minutes, one added 0.6 g of palladium in a solution, as described in example 3.

Then the temperature of the suspension was brought to 85° and kept at this value for 10 minutes;
afterwards 1.5 g of sodium formate, dissolved in 15 mi of water, were added. After 10 minutes all the
operations, described in example 1, were carried out. The dipping of the product, after rinsing, was carried
out in a solution of 2.5 g of sodium carbonate and 350 mi of water.

Analysis: Pd = 0.96% by weight.
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EXAMPLE 5

50 g of alumina in spheres having a diameter of 2-5 mm, put on the market by HARSHAW Company as
type Filtral® SAS, were dipped in 400 mi of water for 1 hour, afterwards they were drained.
The drained carrier was introduced into a rotary baffle flask, then a hydrochloric solution having pH 2 was
poured quickly onto said carrier; the hydrochloric solution contained 0.5 g of palladium and sodium ions in
such an amount that the atomic ratio Na/Pd was about 2.2,
Palladium was let be absorbed slowly under a flask rotation of 10-20 rounds per minute.
After decoloration of the solution one added 1 g of sodium formate dissolved in 50 cc of water and one
heated up to 70-75° C under slow rotation till the formation of gas stopped.
Then the spheres were poured into a buchner and rinsed with water at 50-60° C until disappearance of
chloride ions.
At the end the spheres were dipped in a solution consisting of 4.6 g of sodium carbonate and 130 mi of
water and kept at rest overnight.
After drainage the catalyst was dried at 110° C overight.
Analysis: Pd = 0.93% by weight.

EXAMPLE 6

200 mi of distilled water were added slowly, in about 40 minutes and under stirring, to 200 mi of
titanium tetraisopropylate (Ti(OCsH7)s), put in a 1000 mi beaker. At the end the mass was stirred for 11
hours. One added 6.7 g of sodium carbonate and one stirred for further 20 minutes.

5.05 g of a solution containing about 10% by weight of palladium in the form of sodium chloropalladite and
having pH 0.5, were diluted with water up to 40 ml. pH was rectified by means of 10% by weight HC! till a
value of about 0.8 was reached, afterwards the palladium solution, thus obtained was added, in the course
of 20 minutes, to the stirred suspension obtained by hydrolysis of titanium isopropylate.

When the addition was over one stirred for 30 minutes, then one heated to 85° C keeping the temperature
at this value for 10 minutes. Then one added slowly 1.25 g of sodium formate dissolved in 15 ml of water.
One stirred for further 10 minutes, afterwards one filtered and rinsed till disappearance of chioride ions.

The final product was dried at 120° C overnight.

Analysis: PD = 1% by weight.

EXAMPLE 7

610 g of coconut coal in flakes having size of 4 x 10 mesh, put on the market by PICA Company as
PICATAL 485 M, were rinsed carefully with water in order to remove the powder.
When the rinsing was over, the coal was drained carefully and then alkalized with a solution obtained by
dissolving 2.45 g of sodium bicarbonate in 700 cc of distilled water.
The coal, after having been in contact with said solution for 40 minutes, was drained carefully and then
poured into a rotary basket.
65.3 g of a solution of sodium chloropaliadite, containing about 10% by weight of palladium and having pH
0.6, was diluted up to 700 cc with distilled water and rectified to pH 2 by means of 10% by weight HCl,
afterwards 11 cc of H202 by 120 volumes were added there.
The palladium solution, 15 minutes after its preparation, was poured onto the coal at once, while the basket
rotating slowly.
After 40 minutes a solution of 57 g of sedium hypophosphite in 100 cc of water was poured into the basket.
When the formation of hydrogen had ceased, the catalyst was taken away from the basket and rinsed by
decantation till disappearance. of chloride ions. Analysis: Pd = 1% by weight.

EXAMPLE 8

50 g of magnesium oxide (light magnesium oxide MP/18 produced by General Company for Industry of
Magnesia, joint-stock company) were suspended in 400 mi of water, by stirring in a 1000 mi beaker.
Afterwards one added 6.7 g of sodium carbonate and subsequently slowly in the course of 20 minutes, 5.05
g of a palladium solution prepared as described in example 6. At the end of the addition one went on
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according to the modalities of same example 6. Analysis: Pd = 1% by weight.

B) Carrying out the process according to the invention

EXAMPLE 9

6 g of catalyst prepared according to the modalities described in example 1, 10 g of cyclohexyl-
hydroquinone and 30 m! of tetraethylene glycol dimethy! ether were loaded, in nitrogen atmosphere, into a
100 ml flask equipped with a mechanical stirrer, thermometer, cooler and pipe for gas inlet.

The temperature was brought to 270° C and the mixture was kept at this temperature for 5 hours under a
nitrogen flow. ' R

At the end of this period of time the gas chromatographic analysis showed a conversion of 97%. The
phenythydroquinone content in the raw product was 85% by weight. The reaction raw product, after having
been cooled to room temperature, was poured into water and extracted with ethy! ether.

The ethereal solution was washed with a solution containing 10% by weight of sodium metabisulphite and
with H20. After drying with Na2SOs and evaporation of the solvent a residue was obtained weighing 9.8 g.
Such a residue was crystallized twice with toluene, thereby obtaining 7 g of practically pure phenyl-
hydroquinone.

EXAMPLE 10

6 g of catalyst prepared according to the modalities described in example 2, 10 g of cyclohexyl
hydroquinone and 30 ml of tetraethylene glycol dimethyl ether were loaded into the same apparatus and
under the same conditions of example 9. The temperaiure was brought to 270° C and the mixture was kept
at this temperature for 5 hours under a nitrogen flow. Gas chromatographic analysis of the reaction mixture
showed a conversion of 91% with a phenylhydroquinone content of 82% by weight.

EXAMPLE 11

2 g of catalyst prepared according to the modalities described in example®3, 10 g of cyclohexyl-
hydroquinone and 30 g of bipheny! were loaded into the same apparatus and under the same conditions of
example 9. The temperature was brought to 250° and the mixture was kept at this temperature for 6 hours
under a nitrogen flow.

Gas chromatographic analysis of the reaction mixture showed a conversion of 85% with a phenyl-
hydroquinone content of 67% by weight.

EXAMPLE 12

2 g of catalyst prepared according to the modalities described in example 5, 10 g of cyclohexyl
hydroquinone and 30 mi of tetrasthylene glycol dimethyl ether were loaded into the same apparatus and
under the same conditions of example 9.

The temperature was brought to 270° C and the mixture was kept at this temperature for 3 hours under a
nitrogen flow. Gas chromatographic analysis of the reaction mixture showed a conversion of 85% with a
phenylhydroquinone content of 68% by weight.

EXAMPLE 13

2 g of catalyst prepared according to the modalities described in example 4, 10 g of cyclohexyl-
hydroquinone and 30 ml of tefrasthylene glycol dimethyl ether were loaded into the same apparatus and
under the same conditions of example 9. - -

The temperature was brought to 260° C and the mixture was kept at this temperature for 4 hours. Gas
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chromatographic analysis of the reaction mixture showed a conversion of 82%, with a phenyihydroquinone
content of 61% by weight.

EXAMPLE 14

1 g of catalyst MPT5/B (5% by weight palladium on activated carbon) produced and put on the market

by DUTRAL joint-stock Company, 30 g of cyclohexylhydroquinone and 40 ml of polyethylene glycol
(PRIOWAX® 400 produced by ROL Company) were loaded into the same apparatus and under the same
conditions of example 9.
The temperature was brought to 280° C and the mixture was kept at this temperature for 6 hours. Gas
chromatographic analysis of the reaction mixture showed a conversion of 98%, with a phenylhydroquinone
content of 90% by weight. By operating as described in example 6 a residue was recovered weighing 30.4
g. From this residue by crystallization from toluene (twice) 25 g of phenylhydroquinone were obtained,
having a titre over 97% by weight.

EXAMPLE 15

0.5 g of MPT5/B, 10 g of cyclohexylhydroquinone and 30 mi of polyethylene glycol (PRIOWAX® 200
produced by ROL Company) were loaded into the same apparatus and under the same conditions of
example 9.

The temperature was brought to 260° C and the mixiure was kept at 220-260° C for 8 hours. Gas
chromatographic analysis of the reaction mixture showed a conversion of 58%, with a phenylhydroquinone
content of 54% by weight.

EXAMPLE 16

0.5 g of MPT5/B, 10 g of cyclohexylhydroquinone and 30 ml of polyethylene glycol (PRIOWAX®600
produced by ROL Company) were loaded into the same apparatus and under the same conditions of
example 9.

The temperature was brought to 290° C and the mixture was kept at this temperature for 4 hours. Gas
chromatographic analysis of the reaction mixture showed a complete conversion with a phenylhydroquinone
content of 85% by weight.

EXAMPLE 17

0.5 g of MPT5/B, 10 g of cyclohexylhydroquinone and 30 ml of diphenyl ether were loaded into the
same apparatus and under the same conditions of example 9.
The temperature was brought to 240° C and the mixture was kept at this temperature for 6 hours. Gas
chromatographic analysis of the reaction mixture showed a conversion of 90% with a phenylhydroquinone
content of 70% by weight.

EXAMPLE 18

0.4 g of MPT5/B, 3.2 g of 3-cyclohexyl-4,4'-dihydroxydiphenyl and 30 mi of polyethylene glycol

(PRIOWAX® 400 produced by ROL Company) were loaded into the same apparatus and under the same
conditions of example 9.
The temperature was brought to 280° C and the mixture was kept at this temperature under a nitrogen flow
for 5 hours. Gas chromatographlc analysis of the reaction mixiure showed a conversion of 98% with a
content in 3-phenyl- 4.4 -dihydroxydiphenyi of 93% by weight. By operating as described in example 9, 3. 1
g of residue were recovered. From such a residue by crystallization from toluene 2.8 g of 3-phenyi- -4,4 -
dihydroxydiphenyl were obtained, having a titre over 98% by weight.
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EXAMPLE 19

4 g of catalyst prepared according to the modalities described in example 8, 10 g of cyclohexyl-
hydroquinone and 30 mi tetrasthylene glycol dimethyl ether were loaded into the same apparatus and
under the same conditions of example 9. The temperature was brought to 270° C and the mixiure was kept
at this temperature under a nitrogen flow for 5 hours. Gas chromatographic analysis of the reaction mixture
showed a conversion of 59% with a phenylhydroquinone content of 43% by weight.

EXAMPLE 20

2 g of catalyst prepared according to the modalities described in example 7, 10 g of cyclohexyl-
hydroquinone and 30 ml of tetrasthylene glycol dimethyl ether were loaded into the same apparatus and
under the same conditions of example 9. The temperature was brought to 270° C and the mixture was kept
at this temperature under a niirogen flow for 6 hours. Gaschromatographic analysis of the reaction mixture
showed a conversion of 97% with a phenyl hydroquinone content of 84.4% by weight.

EXAMPLE 21

3 g of catalyst prepared according to the modalities described in example 9, 10 g of cyclohexyl-
hydroquinone and 30 ml of teirasthylene glycol dimethyl ether were loaded intc the same apparatus and
under the same conditions of example 9.
The temperature was brought to 260° C and the mixture was kept at this temperature under a nitrogen flow
for 5 hours. Gaschromatographic analysis of the reaction mixture showed a conversion of 78% with a
phenylhydroquinone content of 64.5% by weight.

Claims

1.) A process for the synthesis of phenyl substituted aromatic diols of the formula

OH

Q (11) ,

CH

wherein

A represents a single, double, triple or condensed Cs-C1g aromatic radical, optionally substituted by one or
more C1-C. alkyl radical(s),

characterized in that cyclohexyl substituted aromatic diols having the general formula

OH

(1) ,

OH

wherein
A is as above defined,
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are dehydrogenated in the presence of a supported palladium catalyst and of a solvent medium.

2.) A process according to claim 1, characterized in that there are used as cyclohexyl substituted
aromatic diols having the general formula (l) such having the two hydroxyl groups in parallel or coaxial
position.

3). A process according to claim 1 or 2, characterized in that there are used as cyclohexyl substituted
aromatic diols having the general formula () cyclohexylhydroquinone, 3- (cyclohexyl)44-d| (hydroxy)-
diphenyl, 1-(cyclohexyl)-2,6-di-(hydroxy)-naphthalene and 2-(cyclohexyl)-1,4- -di-(hydroxy)-naphthalene.

4) A process according to any of the preceding claims, characterized in that there is used as the
solvent medium such a one which, besides having the property of dissolving the reagents under the
reaction conditions, is endowed with a boiling point at atmospheric pressure of at least 220°C and is
selected from the group comprising tetrasthylene glycol dimethyl ether, diphenyl ether, diphenyl and
polyethylene glycols having an average molecular weight ranging from 200 to 1500.

5.) A process according to any one of the preceding claims, characterized in that the dehydrogenation
reaction is carried out at a temperature ranging from 220 to 350°C.

6.) A process according to any one of the preceding claims, characterized in that a catalyst is used
which comprises palladium and a carrier selected from the group comprising activated carbons, activated
aluminas and silicas, TiOz and MgQ.

7). A process according to any one of the preceding claims, characterized in that there is used a
catalyst with a molar ration reagent/Pd ranging from 50 to 10.000.

8.) A process according to claim 6, characterized in that there are used activated carbons having
specific surfaces ranging from 400 to 1200 m?#g.

9.) A process according to claim 6, characterized in that there are used aluminas having specific
surfaces below 400 m#/g. '

10.) A process according to claim 6, characterized in that there are used silicas having specific surfaces
ranging from 100 to 800 m?/g.

11.) A process according to claim 6, characterized in that there are used titanium oxides having speciﬁc
surfaces ranging from 10 to 300 m?g.

12.) A process according to any one of the preceding claims, characterized in that there are used
catalysts containing an amount of alkalis obtained by treating the catalysts with a solution of carbonates
and/or bicarbonates of alkaline and/or alkaline-earth metals.
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